Abstract The need to adapt to climate change impacts, whilst simultaneously limiting greenhouse gas emissions, requires that the government's efforts are joined by public action. In England and Wales, housing contributes significantly to the emissions and many properties are at risk of flooding. This paper investigates the preparedness of homeowners in England and Wales to make changes to their homes in response to the predicted effects of climate change. A telephone survey of 961 homeowners investigated their interest in purchasing mitigation and adaptation improvements against their concern about climate change, awareness of flood risk and attribution of responsibility for action. Whilst the majority of homes had some energy-saving improvements, few were found to have property-level flood protection. The high levels of awareness about climate change and flooding were coupled with the perception of risks as low. Whilst some respondents accepted personal responsibility for action, most believed that the authorities were responsible for flood protection, and would not pay the costs required to make their home more energy-efficient and better prepared for the eventuality of floods. The results suggest that there is scope for further improvement of energy-saving measures, and that the levels of adoption of flood-protection measures are very low. Multi-faceted strategies, including more effective communication of risks and responsibilities, incentives, and material support for the poorest, will need to be developed to overcome the current reluctance by homeowners to invest in flood-protection measures and further energy conservation solutions in the future.
). In light of the continuing growth in emissions of greenhouse gases, there is an urgent need to double the efforts aimed at both mitigation and adaptation to climate change in order to reduce the scale of the damage. For individual properties, a reduction in the severity of impacts at property level can be achieved by decreasing the amount of energy used and by protecting the structure against extreme events such as flooding.
Until recently, the UK Government's messages on dealing with climate change have almost exclusively emphasised mitigation measures. The Climate Change Act 2008 placed legally binding limits on greenhouse gas emissions and it has been identified that individual members of the public need to reduce their carbon emissions in order to achieve these targets (HM Government 2006) . There have been a number of public and private sector campaigns seeking to motivate the public to use less energy at home (Boardman 2004; Ofgem 2008 ). Yet, despite government messages, many millions of homes in the UK are not energy-efficient due to under insulation and old heaters or appliances (DECC 2010a) .
In comparison to mitigation measures, improvements which could make the housing better adapted to the impacts of extreme weather and climate change are less well-established (Sanders and Phillipson 2003; Three Regions Climate Change Group 2008) and far less effort has been directed at motivating the public to adapt their properties. However, individuals are increasingly being seen by policymakers as needing to take personal responsibility to protect their dwellings against the effects of flooding (Pitt 2008) . In "Making Space for Water", the government (DEFRA 2004) emphasised a change to the flood risk management paradigm away from a previously state-centred approach towards one in which other organisations and individuals take a more prominent role (Johnson and Priest 2008) .
Consequently, wider implementation of property-level climate change adaptation and mitigation methods is necessary in the domestic sector. This study investigates the preparedness of householders in England and Wales to install and pay for energy conservation and floodprotection measures in their homes, in association with their awareness of climate change and its impacts and their stated levels of responsibility for taking action. This helps to draw conclusions about the possible reasons for low implementation of the adaptation and mitigation improvements and provides some policy recommendations for government bodies wishing to accelerate property-level investment in privately owned homes.
Current uptake of mitigation and adaptation measures

Energy-saving measures
The domestic built environment accounts for around 27% of UK emissions (HM Government 2006) . As over 80% of existing buildings will still be in use in 2050 (Boardman 2007) , the current housing stock will have a vital role to play in meeting the 80% reduction in greenhouse gas emissions required by the UK Climate Change Act 2008 (Clarke et al. 2008 ). Yet the energy efficiency of the current UK housing stock is poor (Boardman 2007) ; only 10% of homes in England achieve ratings A-C on an A to G energy efficiency scale (CLG 2010) . In an average British house, over half the energy is used for space heating, 20% for water heating, 16% for electrical appliances and the remainder for lighting and cooking (HM Government 2006) . Therefore, whilst changing residents' habits (such as switching lights off) is undoubtedly beneficial, the main means to reduce energy consumption in private households in timescales that fit with Climate Change Act targets will be by improving the roof space and wall insulation of existing houses and installing thermal glazing and energy-efficient heating units and appliances.
A range of government initiatives were designed to increase the uptake of energy-saving measures. The Warm Front initiative in England between 2000 and 2008 assisted 1.7 m disadvantaged and older people to install central heating and double glazing (DEFRA and BERR 2008) . A significant increase in the purchase of energy-efficient appliances, such as refrigerators and washing machines, has resulted from European Union policy on product standards (Boardman 2004 ). The Energy Efficiency Commitment of UK gas and electricity suppliers delivered 187 TWh of energy savings, mainly due to provision of cavity wall and loft insulation (Ofgem 2008) . In addition, for 15 years the government-funded Energy Saving Trust has been offering advice to householders on energy efficiency including the endorsement of products, energy audits and, more recently, support for local authorities and community groups to organise energy-saving programmes for themselves.
The uptake of energy-efficiency measures is rising steadily (CLG 2010) ; for example, 71% of houses in England have full double glazing, with an additional 13% having replaced more than half their windows with double-glazed units (CLG 2010) . Over 70% of appliances purchased in England between 2007 and 2009 were claimed to carry the Energy Saving Recommended logo (DEFRA 2009a ). Yet a significant amount of the UK housing stock is still missing some or all of these basic measures. In Great Britain, 47% of lofts have insulation exceeding 125 mm (DECC 2010a) and only 21% of English houses in 2008 had insulation thicker than 200 mm (CLG 2010) . In addition, 45% of homes with cavity walls have yet to be insulated (DECC 2010a) . Whilst the number of households installing energyefficient boilers has increased in recent years, by 2008 only 17% had made this investment in England (CLG 2010) . This suggests that the government's policy based on awareness raising and help for the poorest and least able householders has not exhausted the potential for improvement in domestic energy efficiency.
Property-level flood-protection measures
One in six properties in England and Wales is threatened by flooding, amounting to an estimated 5.2 million premises in England (EA 2009a) and 357,000 in Wales (EAW 2009). In England alone, half a million properties are located in areas of annual probability of flooding higher than 1.33% (EA 2009a) . Flooding in the UK is likely to become a more severe and localised phenomenon in the future due to climate change (EA 2009a; Evans et al. 2004) . Already, recent decades have seen an increase in winter rainfall and heavy precipitation events (Jenkins et al. 2009), and Palmer and Räisänen (2002) estimate that, for parts of the UK, the probability of total winter precipitation exceeding two standard deviations above normal will increase by a factor of five.
The government's efforts to reduce the impact of flooding are focused around flood risk assessment, forecasting, provision of defences and warnings and awareness raising (DEFRA 2004; EA 2009a) . To date, almost 70% of England and Wales has been assessed for flood risk and the Environment Agency (EA) informs residents each time a new flood risk area has been defined (EA 2009a). The flood forecasting, which is based on measurements of river and sea levels (EA 2009a), is not available for all flood risk areas. Moreover, over half of the 5.2 million properties at risk of flooding are threatened by surface water flooding (EA 2009a) , which at present is difficult to forecast with any great accuracy (Falconer et al. 2009 ).
Raising awareness of flood risks and empowering people living in flood risk areas to take action are main objectives of the government (DEFRA 2004; Burningham et al. 2007; EA 2009a) . The EA provides online flood risk maps and free information about approaching flooding by telephone and email-Floodline Warnings Direct (FWD). In 2007-2008, 61% of properties at risk of river and sea flooding across England and Wales were covered by this service and the EA is aiming to increase this to 80% by 2013 (EA 2009a) . Whilst annually £500 million is spent on the maintenance and new construction of structural flood defences (EA 2009a) , it is estimated that about half the households in areas of significant risk of flooding are undefended (DEFRA 2008a) . Also, flood risk may be affected by the public spending reviews, which are likely to lead to a reduction in flood defence budget (ABI 2010). Therefore, for some houses, property-level measures could be the only flood protection available. In other areas it could supplement the protection afforded by structural defences.
Property-level flood-protection measures may be classified into those that increase the resistance of the house, and those that improve its resilience (DEFRA 2008a) . Resistance measures are designed to keep water out of the property by sealing potential water entry points. These measures are either temporary, in which case they are applied shortly before a flood (door barriers, toilet plugs, air brick covers), or permanent (raised thresholds and floors, waterproof doors and valves on waste water pipes) (Bowker 2002) . Resilience measures aim to minimise damage to the house structure, including the interior and furnishings, in the likely event that water will enter the premises, thereby facilitating the quickest possible recovery (Pitt 2008) . These measures are largely permanent and include replacing floor, wall and furnishing materials with waterproof alternatives, and raising the electrical fixtures above the expected flood level (Bowker 2002) .
At present, less than 5,000 homes have adopted resistance or resilience measures in the UK (DEFRA 2008a). In order to increase the uptake, in December 2008, DEFRA announced the £5.5 million Property-Level Flood Protection Grant Scheme, which offers local authorities in England the opportunity to apply for funding to identify and subsidise appropriate measures for individual properties in areas of frequent flooding and without structural defences (DEFRA 2009b) . The pilot project in 2008 provided flood-protection measures to 177 residential properties (DEFRA 2008b) and the current scheme continues until March 2011.
In summary, while the UK government has in recent years sought to influence house owners to adopt energy-saving and flood-protection measures, the strategies employed to date have not been as effective as policymakers may have hoped. The challenge for policymakers in changing public behaviour towards desirable policy outcomes, such as increased uptake of energy-efficiency and flood-protection measures, is to discern which interventions will be most effective. The next section considers the conditions necessary for homeowners to install property-level adaptation and mitigation measures. Influencing these conditions may increase the implementation rate of the considered measures.
3 Conditions for the acquisition of adaptation and mitigation measures 3.1 Reasoned behaviour models Much of the work about barriers that inhibit action in response to climate change stems from the theory of reasoned action (Ajzen and Fishbein 1980) , which can be summarised as the following set of questions individuals ask themselves before acting: Grothmann and Patt's (2005: 203) theoretical "model of private proactive adaptation to climate change", developed by drawing from the literature in psychology and behavioural economics. The model starts from risk appraisal, or assessment of the probability and severity of impact. Only when the perceived threat exceeds a certain threshold does the individual carry out the adaptation appraisal, which includes an assessment of their belief in the effectiveness of the actions, the perceived ability to carry out the adaptive responses, and the perceived cost of the action. Depending on the outcomes of this appraisal, adaptation actions are implemented or not.
Similarly, Lamond and Proverbs (2009) , based on a literature review of empirical studies, identified the mental steps that need to be completed by a flood plain resident who wants to implement flood-protection measures. These include awareness of the risk, the perception that the risk is sufficient to warrant action, and owning the problem rather than expecting an outside agency to solve it. Once this is achieved, the person needs knowledge of the solution, resources to implement it, and a belief that the solution is effective and beneficial. Barriers to completion of these steps may be informational, financial or emotional (denial of risks; attribution of responsibility to others) (Lamond and Proverbs 2009) .
In relation to climate change mitigation, Lorenzoni et al. (2007) identified the reasons why people would not change their behaviour as lack of knowledge about the causes and consequences of and solutions to climate change, scepticism about the information, downplaying the climate change immediacy and significance, externalising responsibility and blame, reluctance to change lifestyles, and fatalism. Stern (2000) concluded that individuals will make decisions according to their state of awareness and concern about climate change, their willingness to act, and a belief that their action will be effective and beneficial.
There is, therefore, a need to investigate public understanding of the climate change problem, how people attribute responsibility for action, the extent of knowledge around solutions, and whether financial resources are a constraint. Answers to these questions should be able to guide policymakers towards better policy interventions including targeted education and awareness and different forms of economic instruments. The literature to date provides some level of understanding about the conditions for action, yet the information is scattered among many sources. The following sections outline the current understanding of the problem.
Awareness of climate change and its risks
The degree of understanding of climate change causes seems to be high, and has increased markedly over recent years (Lorenzoni et al. 2007; DEFRA 2009a) . The predominant percentage of respondents (85%) to the DEFRA (2009a) survey of public attitudes and behaviours towards the environment (carried out with respondents across representative parts of England) thought that climate change was caused by energy use and only 27% said they did not believe that their everyday behaviour and lifestyle contributed to climate change. Yet the risks associated with climate change impacts tend to be perceived as low and not personally relevant (Lorenzoni et al. 2006) . Whilst some studies show that the majority of flood plain residents are aware of living in flood risk areas (Harries 2008; Kazmierczak and Bichard 2010) , the actual risk is predominantly seen as low or located in a distant future (Whitmarsh 2008) .
In general, those who have not experienced flooding assess the future risks as lower (Burningham et al. 2007; Werritty et al. 2007; Kazmierczak and Bichard 2010) . Advanced age tends to have a negative influence on awareness of flood risk (Burningham et al. 2007) , or concern about climate change impacts and the willingness to adapt (Whitmarsh 2008; Kazmierczak and Bichard 2010) . Those with higher education and income have been found to be more aware of their flood risk (Burningham et al. 2007 ) and more likely to buy energy-efficient appliances (Boardman et al. 1997) .
The literature suggests that, whilst a majority of householders are aware that climate change is a serious issue, the potential consequences of the threats posed by climate change seem to be underestimated and misunderstood. This, alongside the relation between sociodemographic characteristics of people and their opinions, may have significant implications for shaping policy and needs to be explored further.
Attributed responsibility for action
The DEFRA (2009a) survey suggests that three-quarters of respondents were already proactively saving energy in their homes; only 14% said that they did not give it much thought. They were also interested in doing more in the future: installing double glazing (45%); buying an energy-efficient boiler (14%); insulating cavity walls (11%) or improving existing loft insulation (10%). However, the respondents did not see action to reduce CO 2 emissions as solely their responsibility, and 59% said that they would be more motivated if government did more to tackle climate change.
More people see the government as primarily responsible for flood protection and the structural forms of defence are favoured (Werritty et al. 2007 ). In Scotland, less than a quarter of respondents accepted individual responsibility for flood protection, and attributing responsibility to local or central government was the main reason not to undertake any measures to protect their properties (Werritty et al. 2007 ). In the Netherlands, where, similar to the UK, individual flood protection has not been a subject of policy until recently, the majority of 658 surveyed householders said that both the government and individual citizens were equally responsible for preparing people for flood disaster. However, whilst 18% thought this was primarily or exclusively a personal responsibility, 73% saw the government as primarily or totally responsible for preventing flood damage to their possessions (Terpstra and Gutteling 2008) .
Interestingly, only 41% of eligible households in England and 43% in Wales subscribe to FWD (Pitt 2007; WAG 2010) . This may be associated with the low perception of risk (see section 3.2), but also with the wide availability of flood insurance in the UK, which is a feature of standard household policy in areas where the annual probability of flooding is lower than 1.33%, under the 1961 agreement between government and the insurance industry (Crichton 2007), which lasts until 30 June 2013 (ABI 2008). Consequently, 80% of households in the UK are covered by contents insurance (Werritty et al. 2007) . It is therefore likely that many homeowners do not necessarily see the need to implement flood-protection measures or register with FWD due to the certainty about compensation following flooding distorting their perception of risk (Crichton 2007; Johnson and Priest 2008) . Little is known about the influence of previous experiences of flooding on the perception of responsibility for flood-protection actions, undertaken or planned, although Harries (2008) found that higher numbers of those who had been flooded previously were willing to take any action to prepare for future floods. Thus, this paper investigates the associations between the previous experience of flooding and subscription to FWD, having flood-protection measures installed and planning to install them in the future.
Knowledge of solutions
Despite the Government's commitment to target better understanding about ways to mitigate climate change, 29% of respondents to the DEFRA (2009a) survey had never considered an energy-efficient boiler, 27% had never considered solid wall insulation, and 14% cavity wall insulation. This may suggest that there is still scope for education about these improvements.
The EA is attempting to increase awareness of flood resistance and resilience measures in a brochure "Prepare Your Property for Flooding" (EA 2009b), which directs readers to products in the "Blue Pages Directory" on the National Flood Forum Website (www. floodforum.org.uk). Little is known about public awareness of flood resistance and resilience measures. In Salford, very few respondents mentioned air brick covers, raising the door thresholds, sealing doors or windows or raising electrical fixtures above the likely flood level as possible solutions . This paper investigates public knowledge about property-level flood-protection solutions.
Affordability of adaptation and mitigation measures
The Energy Saving Trust (www.energysavingtrust.org.uk) provides some indication of typical costs of energy-saving measures: £150 for cavity wall or loft top-up insulation; £1,800 for a new energy-efficient boiler (without installation and connection charges); and £2,000-4,000 for double glazing an entire house. Whilst government estimates (DECC 2010b) show that householders can save around £45 per year in heating bills by having thick loft insulation, and £115 per year with cavity wall insulation, (resulting in a payback time of under 2 years), even these cheaper energy-saving options can be too expensive for some. DEFRA's (2009a) survey suggests that around a quarter of the respondents could not afford cavity wall or loft insulation.
Flood-protection measures are more expensive. In the DEFRA pilot of individual floodprotection grants, the average cost of works per property was about £2,900, in a range from circa £300 to £13,000 (DEFRA 2008b) . For a shallow flooding event (less than 90 cm), smaller properties can be protected with resistance measures for as little as £2,300, whilst recovering from a flood may cost from £4,500 to £23,000. For deeper floods, a package of resistance measures may cost from £20,000 to £40,000, but this may still be recovered in a single flood event (Three Regions Climate Change Group 2008). Bowker (2007) observes that some measures may not cost more than standard repairs (raising electrical fixtures above the likely flood level should not exceed £1,000), yet a whole package of resilience measures can reach £10,000 to £30,000.
The research on preparedness to pay for flood-protection measures is limited, but the existing literature indicates that the majority of people would not pay anything (Werritty et al. 2007; Kazmierczak and Bichard 2010) . Only 8.5% of respondents to a household survey in Scotland were willing to contribute an additional £100 per year in council tax to fund flood protection (Werritty et al. 2007) . A survey of over 1,500 people in England and Wales (DEFRA 2005) revealed that previously flooded or at risk respondents were willing to pay respectively £200 or £150 a year to avoid the health impacts associated with flooding. The median one-off sum respondents to a survey in Salford were prepared to pay for floodprotection measures was less than £100 . Thus, the costs of flood-protection measures seem to exceed the sums people are willing to pay for them.
In summary, whilst a large proportion of the public in England and Wales may now be familiar with climate change and accept that this phenomenon will affect their lives, many householders lack sufficient motivation to act on this understanding and invest in their homes. When gauged against the barriers to reasoned behaviour, acceptance of the problems is tempered by an incomplete understanding of how to respond, and an unwillingness to accept that the householders bear the responsibility for protecting their properties. More seriously, for those living in flood-threatened areas, the almost universal belief that a flood is unlikely to affect their houses make it highly challenging for regulators and policymakers to persuade property owners to spend money on an issue that they believe is a low priority. This is the context within which the attitudinal survey was designed, investigating the relationship between the conditions necessary for uptake of adaptation and mitigation measures and the willingness of homeowners to implement and pay for them.
Methods
Postcodes were selected where, according to the EA national flood risk zone data, at least 80% of properties were at risk of flooding exceeding 1.33% annual probability and the remaining properties had over 0.5% annual probability of being flooded. The postcodes where fewer than 50% of households were owner-occupied (based on Mosaic data; Experian 2009) were excluded. The research focused on homeowners because, in contrast to private rental and social housing tenants, they have direct control over their property. Further, owner-occupied dwellings form over two-thirds of the housing stock in England and Wales (LGDU 2008; CLG 2010) , and therefore offer the greatest potential for energy-saving and damage-reducing actions.
A random sample of 11,584 addresses in the predominantly owner-occupied postcodes was selected for the telephone survey. The aim was not to create a statistically representative sample but rather to provide adequate coverage of the most salient demographic criteria. The sample was stratified according to social grades (based on census data and available for addresses listed in market research databases), which reflect the chief earner's occupation (Wilmhurst and McKay 1999) , and provide a proxy for education and income. Grades A and B include managerial, administrative or professional occupations, respectively at higher and intermediate levels.
Grade C1 includes people with jobs of a supervisory, clerical and junior managerial, administrative or professional nature. People classified to C2 are skilled manual workers. Grade D includes semi-and unskilled manual workers and Grade E are casual workers, pensioners and those dependent on the welfare state for their income. Clustered classifications (AB, C1, C2 and DE) are frequently used for market research purposes in the UK (Meier and Moy 2004) , but also have been used in studies pertaining to flooding (Burningham et al. 2007; Parker et al. 2007 ). The sample included responses from 961 households. The questionnaire used in the phone interview consisted of three parts. The first part tested concerns about climate change and its impacts, with a particular focus on flooding and the attribution of responsibility for housing protection (see Table 2 ). It also included questions about perception and experience of flood risk and actions taken to prepare for flooding (see section 5.2). The second part of the questionnaire investigated current uptake of and future interest in five types of flood-protection improvements (Table 5 ) and five energy-saving measures (Table 7) , followed by questions on preparedness to pay for them. The final part of the questionnaire investigated characteristics of the respondents (Table 1) . The questionnaire was piloted in Salford, North West England , and is available on request.
Spearman's rank correlation (r s ) was initially calculated for variables relating to awareness of climate change and flooding, and questions about responsibility in part 1 of the questionnaire. This inter-correlated dataset was reduced with the use of Principal Component Analysis (PCA) in order to ensure against redundancy of data. Varimax rotation was applied to maximize variance of factor loadings, and aid classification of variables. Only components with an eigenvalue larger than one were retained. Median values of ordinal variables and principal component scores were compared between unrelated samples with Mann-Whitney and Kruskall-Wallis tests.
Results
The respondents
The four main social grades were nearly equally represented in the sample (Table 1) . Just over half the respondents were in employment, and over 40% were retired. Nearly half the (CLG 2010b) . This suggests that older householders in flood risk areas may need particular consideration in relation to flood resistance and resilience solutions. Over 60% of respondents had lived in their current neighbourhood for 11 years or longer. The age of respondents was positively correlated with the length of residence in the area (r s =0.437; p<0.001). The dominant size of house was three bedrooms.
5.2 Climate change and flooding: Awareness, perceived responsibility and current preparedness
Respondents showed high levels of concern about the effects of climate change and accepted personal responsibility for contributing to and mitigating climate change (Table 2) . Whilst many were convinced that the responsibility for protection of homes against flooding lay with their owners, an almost identical distribution of answers was given in relation to a belief that it was the government's responsibility to protect houses from floods. Nearly 49% of respondents gave the same answer to these two questions, and of these 82.8% agreed with both statements and 9.7% strongly agreed, which suggests that the responsibility was largely seen as shared between the house owners and the authorities.
The majority of respondents (82.0%) were aware that their house was located in a flood risk area, but only 17.6% had previously been affected by flooding. Despite high levels of awareness of living in a flood risk zone, most of the respondents thought that the likelihood of their house getting flooded in the future was very low (40.1%) or low (38.4%). Only 12.8% assessed the risk as high, and 3.2% as very high.
Awareness that use of fossil fuels changes climate was strongly correlated with concern about climate change and the conviction that using less energy can make a difference (Table 3) . Previous experience of flooding was positively associated with awareness of living in a flood risk zone and the level of future risk of flooding. There were significant correlations between previous experience of flooding, concern about climate change effects, and perception that the government is responsible for protecting people's houses. Using coal, oil and gas to produce energy for my home is changing the Earth's climate 13.6 61.6 9.1 10.0 1.2 4.5
Using less energy in my home will make a difference to climate change 15.7 62.9 5.3 13.0 1.5 1.6
Homeowners are responsible for protecting their house from flooding 16.6 60.0 8.8 11.6 1.4 1.7
The government is responsible for protecting properties against flooding 15.6 58.8 7.8 14.9 1.8 1.2 a 1-strongly agree; 2-agree; 3-neither agree nor disagree; 4-disagree; 5-strongly disagree; 6-don't know Principal Component Analysis led to the identification of three principal components (PCs), which explained 56.7% of variance in data. These were as follows: PC1-awareness of climate change, PC2-awareness of flood risk, and PC3-attributed responsibility (Table 4 ). Higher scores for PC1 and PC2 meant greater awareness of climate change and flood risk, respectively. High values of PC3 indicated that the predominant responsibility for flood protection was attributed to the government. The Kruskall-Wallis test comparing the principal component scores between different age and social grade groups suggested that the older respondents were, the lower their awareness of climate change (PC1) was (H=18.687; p<0.001). The other differences between mean rank values of principal component scores for age and social grade were not statistically significant.
Nearly 73% of respondents said they were insured against flooding (14.1% did not know; 13% said they were not insured). There was a significantly lower uptake of flood insurance among respondents from social grade DE (64.7%) in comparison to other groups (73.0% in C1; 76.0% in C2 and AB; H=10.906; p<0.05). Nearly 43% of respondents were subscribers to FWD. The older respondents were more likely to have subscribed to the scheme (H=11.760; p<0.01). Fewer than 21% of respondents did not know about FWD and 37% chose not to subscribe, largely due to the belief that the risk of flooding was not substantial (36%), but also for "no particular reason" (34%); a lack of time (11%); and insufficient knowledge about the scheme (6%).
The Mann-Whitney test suggests significantly higher mean rank scores of PC1 (awareness of climate change) among those who had flood insurance than among the uninsured (U=24592.0; p<0.001). The levels of awareness of flood risk (PC2 scores) were significantly higher among subscribers to FWD than among those who had not joined the scheme (U=58882.5; p<0.001). The associations between subscription to FWD or having flood insurance and PC3 (attributed responsibility) were not statistically significant.
Flood-protection measures: Current uptake and interest in acquisition
Nearly 29% of respondents said that nothing could be done to protect their home from flooding, and 18.6% suggested sandbags as the only measure they could use. Very few respondents already had flood-protection measures (Table 5) , and was exceeded by the number of people not familiar with resistance and resilience measures. However, between a third and over a half of respondents (depending on the product) said they would consider installing these improvements in the future. The most popular flood-protection measure was raising electrical fixtures above the likely water level, whilst only one third said they would consider replacing wooden staircases with concrete ones. The main reason for lack of interest among remaining respondents was perceived absence of need due to low risk of flooding.
Those who said they would consider installing flood-protection measures in the future were significantly younger and were characterised by significantly higher scores for PC1 (awareness of climate change), with the exception of tiled flooring, and PC2 (awareness of flood risk), in comparison to those who were not interested in the improvements (Table 6 ). Interestingly, the principal component describing how the responsibility for protection of houses against flooding is shared between homeowners and the government was not associated with willingness to implement flood-protection measures in the future. The interest in installing the measures was not associated with social grade.
Energy-saving measures: Current uptake and interest in acquisition
Asked about how they could make their property more energy-efficient, 22% of respondents said they could not do anything more. Each of the energy-saving measures listed in the questionnaire was present in over 50% of respondents' houses (Table 7) , and the complete set of all listed measures was installed in 23.2% of properties. Respondents' age, social grade or levels of awareness about climate change were not significantly associated with the current uptake of energy-saving measures. The older respondents were significantly less likely to consider wall insulation, energysaving appliances or double glazing in the future. Those planning wall insulation, energyefficient boilers or A-rated appliances showed higher levels of awareness about climate change (PC1) ( Table 8) . Associations with the scores of remaining principal components and social grade were not statistically significant.
Preparedness to pay for adaptation and mitigation measures
Over a third of respondents would not pay anything for either flood-protection or energy-saving measures. The median value of the sum that respondents said they would pay was between £100 and £500 for either type of improvement. However, a considerable proportion of respondents said they would pay over £1,000 to make their houses better prepared for floods (11.6%) and more energy-efficient (13.7%; Fig. 1 ). The more aware respondents were of climate change and its impacts (high scores of PC1), the more they were willing to pay for both the adaptation and mitigation measures ( Table 9 ). Awareness of flood risk was positively associated with potential expenditure on flood-protection measures. Acceptance of responsibility for flood protection (low scores of PC3) was weakly correlated with the sum to pay for flood-protection measures. Older respondents were prepared to pay less for both mitigation or adaptation improvements, and respondents from social grades A to C would pay more for energy-saving measures.
The Mann-Whitney test suggested that those registered with FWD, or those in possession of flood insurance, were inclined to pay slightly more for flood-protection measures (respectively U=51864.5; p<0.05 and U=19021.0.0; p<0.05).
Discussion
Conditions for further adoption of mitigation measures
The survey found that a high proportion of respondents reported having energy-saving measures installed in their homes. The uptake of double glazing and cavity wall insulation corresponded well with national figures, whilst the uptake of loft insulation and energyefficient boilers seemed higher than in national studies (DECC 2010a; CLG 2010) . This may be due to the wording of the questions, which did not specify the thickness of insulation or the type of boiler that could be regarded as efficient. Nevertheless, the full set of listed energy-saving measures was installed only in a quarter of households, therefore leaving scope for improvement. The vast majority of respondents were aware that energy used in their homes contributes to climate change, and that limiting its use can mitigate impacts on their homes, which is consistent with the national DEFRA (2009a) survey. The absence of significant differences in awareness of climate change between social grades may suggest that coverage of the issues through various media sources and through governmentsponsored messages and campaigns has been successful in penetrating British society (Lorenzoni et al. 2006) . Also, the low proportion of respondents with no knowledge of energy-saving solutions listed in the questionnaire suggests that the awareness-raising actions carried out, for example, by the Energy Saving Trust, have been successful. The absence of significant differences in uptake of energy-efficiency measures among the respondents from different social grades and age groups goes against the perception that higher social grades are more environmentally conscious and more interested in investing in energy-efficient appliances (Boardman et al. 1997 ) and may be associated with government actions aiming to increase their affordability (Boardman 2004) . It may also suggest that the support offered for households within the Warm Front programme targeting households occupied by the elderly and those in receipt of welfare benefits has been successful (DEFRA, BERR 2008) .
Interest in the implementation of energy-saving measures in the future was considerable. Cavity wall insulation was the only measure that did not appeal to the majority of respondents. Whilst the current uptake of energy-saving measures is not associated with awareness of climate change, interest in future implementation was linked to the understanding of the issues. Whilst in the past, a reluctance to spend money on energy conservation could have been explained by an incomplete understanding of the consequences of global warming, DEFRA (2009a) and Lorenzoni et al. (2007) are reporting an increase in awareness of climate change compared to previous studies. The association between higher levels of awareness of climate change and the increased sum of money respondents said they were willing to pay for energy-efficiency measures in this study suggests that education and awareness campaigns have a role to play in motivating the public, but are not sufficient on their own to secure wholesale participation.
Consistent with previous studies, older respondents were less concerned about, and less aware of, climate change. They were also less likely to consider purchasing energy-saving measures. This may be associated with the impacts of climate change being perceived as something that will happen in the future (Whitmarsh 2008) . Also, Boardman et al. (1997) report that the elderly are more likely to think that they cannot do anything else to save energy, due to the perception that they already live a thrifty life. This suggests that this group should remain a special target for policy efforts. Table 9 Spearman's rank correlation (r s ) between the sum of money the respondents would spend on energy-saving or flood-protection measures, principal components, and characteristics of respondents Rather predictably, respondents from lower income households were less inclined to pay for energy-saving measures compared to those with more disposable income. This may reflect the perceived affordability of solutions, as indicated by DEFRA (2009a) . Another reason could be the provision of some energy solutions by the Warm Front (DEFRA, BERR 2008) , which in the case of poorer homeowners removes the pressure to invest from them.
The median sum of money that respondents were prepared to pay (£100-£500) would be sufficient for one or two energy-efficiency measures. However, in order to buy a more comprehensive set, householders would need to spend considerably more than the sum they stated in the survey. Therefore, in the case of energy-saving measures, some of the necessary conditions for increased uptake, such as awareness of the problem, perceived responsibility for action and awareness of solutions, seem to be in place. However, while rising fuel costs may motivate some low income households to invest in energy measures at current prices, policymakers should continue to find ways to minimise the costs of these materials at the point of purchase.
Conditions for adoption of adaptation measures
The high awareness of living in flood risk areas exceeded that reported in other studies (Harries 2008) , despite the fact that only a small proportion of respondents had experienced flooding in the past. This suggests that the EA's approach to informing people about flood risk (EA 2009a) may have been reasonably effective, although the widespread flooding in the summer of 2007 in England and Wales (Pitt 2008 ) also may have increased awareness of flooding as a potential threat and influenced respondents' answers.
Whilst, as expected, first-hand experience of flooding and awareness of a flood threat were associated with heightened concern about the future (Burningham et al. 2007; Werritty et al. 2007; Kazmierczak and Bichard 2010) , the vast majority still perceived the risk as very low or low. This apparent dissonance might stem from a denial that the risk will be realised (Grothmann and Patt 2005) . This may create a significant emotional barrier to motivating householders to undertake climate change adaptation work on their houses (Lamond and Proverbs 2009) . Also, whilst a majority were aware of FWD (suggesting that the information about the service is adequate to flood-threatened areas), the survey confirmed levels of subscription to FWD identical to those from 2007 (Pitt 2007) . This would suggest that whilst the floods in 2007 may have influenced the awareness of flooding as a phenomenon, they did not significantly affect the perceptions of risk. Many respondents did not think that the risk was sufficient to justify subscribing to the free warning service. This suggests that the manner the risk is communicated should be revisited by policymakers and emergency planners.
The numbers of people who declared they were insured against flooding were high, a finding supported by other studies (see Werritty et al. 2007 ). However, uncertainty around the agreement between government and insurers after 2013 (ABI 2008) may mean that in the future some households may be left without cover. Purchase of flood insurance was less prevalent among lower income households and this, combined with evidence that the poorest households often suffer from the worst post-flood trauma and losses (Tapsell et al. 2002) , indicates that authorities should not assume that insurance policies will help all communities to recover from flood events. Further, in some cases, flood-protection insurance may create a barrier to individuals taking responsibility for property-level protection.
Indeed, the findings-in accord with Terpstra and Gutteling (2008) -suggest that many people are unaware of their personal responsibility in managing flood risk. Moreover, those who have experienced flooding are more inclined to think that the government is responsible for the protection of their property, rather than taking a proactive approach. This suggests that encouraging responsibility for action is a crucial step in increasing the uptake of flood-protection measures by individual householders.
The low numbers of households that have purchased flood resistance and resilience measures suggests that the Environment Agency's efforts to influence homeowners to invest in property-level flood protection do not appear to have been effective to date. Without a prompt, nearly 30% of respondents thought they could not do anything to protect their home from flooding, and one-fifth considered sandbags as the most adequate protection. Whilst the EA provides some information about available measures in their information leaflet (EA 2009b) , as a government body they cannot promote any commercially available products, 2 and it remains incumbent on householders to research and acquire the best solution for their property. In addition, directing householders to an internet website for more information excludes those with no computer access or skills, such as the elderly and the poor. Further, typical costs for flood-proofing a property, as quoted in the EA brochure, are at least £2,000, which is beyond the amount (£100-500) that respondents said they would spend.
The perception of climate change and risk of flooding depends on a range of complex individual and social factors (Grothmann and Patt 2005) . This study did not test all variables suggested by the behavioural theorists. Recent work on how behaviours might be influenced has been undertaken by, for example, Lorenzoni et al. (2007) , Swim et al. (2009), and Whitmarsh et al. (2010) . However, the reasoned behaviour model (Ajzen and Fishbein 1980) does provide a useful starting point for policymakers to test whether their strategies are addressing the majority of barriers to owner-occupier action. When applied to the answers given in the attitudinal survey, it is clear that, in the case of flood-protection measures, the only condition that was met was the awareness of the problem of flooding. However, the risks were not seen as sufficient to warrant action. The responsibility attributed to the authorities, the incomplete knowledge of solutions and the reluctance to spend sufficient sums on either energy or flood measures all suggest that there are still significant barriers to overcome before decisions favourable to property-level investment become a mainstream commitment for many homeowners. This suggests that significant informational, emotional and financial barriers need to be overcome to increase the uptake of these measures.
Policy implications
The discrepancy between the acquisition of energy-saving and flood-protection measures clearly illustrates the gap between climate change mitigation and adaptation agendas for house owners. Whilst, in the UK, the need for adaptation to extreme weather and climate changes is increasingly signposted (Evans et al. 2004; Pitt 2008) , the national agenda still emphasises action to reduce CO 2 emissions, for example through the Climate Change 2008. The potential increase in floods as a result of climate change (Evans et al. 2004) , combined with recently announced cuts in spending on flood defences (ABI 2010) and the impending deadline on provision of flood insurance (ABI 2008) , suggest an urgent need to focus on adaptive actions and to re-assess ways in which to motivate house owners to embrace the idea of investing in individual property measures.
The findings of this study suggest that a continuation of awareness-raising campaigns without the augmentation of additional strategies is not likely to increase the uptake of property-level flood-protection measures. There is a clear need for a shift from informing people that they live in a flood risk area to better communication of the likelihood and ramifications of flooding where they live. This will require clearer and more persuasive arguments about why it is important to subscribe to the warning services, and an explanation of the issues associated with reliance on flood insurance alone.
According to Werritty et al. (2007: 85) public bodies clearly have a major educational task ahead in addressing widely held misconceptions about where the responsibility for flood protection lies. Therefore, there is a need for policy and actions which would emphasise the shared responsibility between homeowners and the government. According to Werritty et al. (2007) and Johnson and Priest (2008) , the media and the public still favour structural flood defences. However, it must be communicated that they do not offer 100% safety and that homeowners must be prepared to act and take a share of the responsibility. The Dutch government has tried to counter this perception with a campaign to show that it is no longer possible to protect the whole population's properties against flood waters. "The Netherlands Live with Water campaign" uses a combination of mass media, including radio and television commercials, newsletters, advertising, information booklets, informative events and a comprehensive website. However, whilst this campaign has been favourably assessed due to the use of the popular media and wellknown media personalities to raise awareness about what can be done by individual homeowners (Bronner et al. 2003) , Terpstra and Gutteling (2008) show that a majority of Dutch citizens still relies on the government to protect them. Thus, prior to investing in a major campaign, a significant amount of research into risk communication methods is needed.
The financial barrier (Lamond and Proverbs 2009) , represented by the limited amounts of money that homeowners were prepared to invest (particularly the elderly and those with little disposable income), is another significant policy challenge. If the inability to pay for flood-protection measures is compounded by a lack of house insurance then this would place poorer homeowners in flood-threatened areas in a parlous position. One potential solution to overcome limited spending intentions is the provision of government grants (Johnson and Priest 2008) . This could be based on the principles employed by the Warm Front programme which provides assistance to residents in receipt of certain state benefits and the elderly (DEFRA, BERR 2008) . It should be possible to add an assessment of vulnerability to flooding to expand this means testing process, so that eligibility for both energy conservation and flood protection can be combined into a single grant. Johnson and Priest (2008) identified some problems associated with flood-protection grants. They observed that heating is perceived as a basic need, whereas the threat of flooding may be seen as an intermittent risk that householders can choose to accept. However, large parts of the population in flood risk areas may have characteristics that preclude them moving away, even if this means accepting higher risk to their property. For example, the elderly can be particularly prone to physical and psychological trauma associated with flooding (DEFRA 2005; Tapsell et al. 2002) ; they are also the least likely age group to move house (Champion 2005) . Therefore, provision of grants for property-level flood-protection measures in their instance could be a reasonable solution.
While the moral imperative justifies subsidising flood protection for the poorest and oldest householders, the cost of protecting all properties in flood risk areas in England and Wales is prohibitive to widespread state's support. Regarding prioritising of risks, government decisions are largely guided by cost-benefit criteria, and a decision to spend public money to protect some properties but not others could be untenable (Johnson and Priest 2008) . Thus, alternative solutions for the remaining population in flood risk areas will need to be devised. Other policy tools that might be deployed could include systems of nointerest loans for flood resistance and resilience products. DEFRA (2005) suggests that an annual repayment plan may be an acceptable mechanism for some. Further, providing homebuyers with information about flood risk and methods of protection should be compulsory. In addition, a revision of the Building Regulations is recommended (Pitt 2008) to ensure that all new or refurbished buildings in high flood-risk areas are equipped to be flood resistant or resilient (DEFRA 2010) .
In relation to energy saving, one challenge for policymakers is to overcome the perception that homeowners have already acted sufficiently in response to the problem of climate change (Boardman 2004) . While awareness-raising campaigns are beneficial and should be continued, other approaches to motivate homeowners to implement energysaving measures should be pursued. The Royal Institute of Chartered Surveyors (RICS 2010: 4) takes the view that 'the barriers holding back demand are much stronger than the drivers for it, and are primarily behavioural and financial; specifically there is a lack of a reasonable return on capital and an unwillingness to pay high upfront costs for longer term benefits'. Whilst the Warm Front initiative seems to be an efficient vehicle to motivate the acquisition of energy efficiency for the poorest and oldest residents, as it alleviates the costs, for the rest of the population, alternative and complementary strategies are needed.
One approach could be to offer different forms of incentives to invest in property-level measures (Bichard and Cooper 2008) . Offering non-cash incentives may overcome the perception that the level of risk does not justify taking action by circumventing the decision-making process entirely. Willingness to accept the reward could be stronger than reluctance to spend money on a non-urgent issue. Bichard and Kazmierczak (2010) in a further study (based on the national survey reported in this paper) tested whether nonfinancial incentives would be acceptable to those planning to invest in energy-saving and flood-protection measures. The rewards that were tested included vouchers for fruit and vegetables and free travel by public transport. The authors found that, whilst cash incentives are the preferred motivation option for respondents, nearly 60% said they would be motivated to install flood-protection measures if they were offered such non-cash rewards. Thus, sustainable non-cash incentives could have the dual effect of increasing investment in properties and offering the benefits intrinsic to the reward. However, more research is needed on the actual implementation and effectiveness of non-cash incentives.
Conclusions
This paper has investigated conditions needed to increase implementation of property-level energy-saving and flood-protection measures. It sought to understand levels of awareness of problems related to climate change and apportionment of responsibility for taking action to protect housing against its impacts. It tested knowledge levels about the solutions available to house owners, and their willingness to purchase and install them. The study found that overall adoption rates for energy-saving measures could be seen as a work in progress. Due to good awareness of the problem and the knowledge of solutions, some measures have been adopted for the majority of houses. However, for the remaining households cost remains a significant barrier, and should be addressed by public policy. The adoption and knowledge of flood-protection measures is still universally very low, and there is evidence that homeowners do not believe their property is at sufficiently high risk to warrant investment in protection measures. Public policy focused on efficient communication of risk, education about available solutions and provision of material support or other incentives for the poorest and oldest residents of flood risk areas will be needed in the future.
